Abstract. The concentration of birds around airports has significantly increased the occurrence of aeronautical accidents worldwide. One of the main techniques to modify the avian habitat in airports, and therefore exert controls over bird population density, is to regulate the height of surrounding grasslands. The objective of this work was to record the seasonal use of habitat by birds in an airfield in Argentina, and to evaluate the effect of grassland height in the abundance of different components of the avian community. A total of 44 sampling events were carried out between October 2005 and July 2011, comprising all seasons. Short grassland areas (≤ 30 cm), registered 53 % of the total bird abundance, and were consistently for all seasons the most utilized habitat by those species that registered the highest abundances (e.g. Milvago chimango and Vanellus chilensis) and that pose a highest risk to aerial operations. In general, the species Patagioenas picazuro, Zenaida auriculata, Myiopsitta monachus and Sturnus vulgaris also made preferential use of short grassland areas rather than tall grasslands. Maintaining grassland areas at heights > 30 cm, might be a successful habitat manipulation strategy and represent a tool to control birds in South American airports. In turn, this would be a relatively simple and economic management strategy.
Introduction
Since the beginnings of aviation the occurrence of birds in and around airports and airfields has contributed to an increase in aeronautic accidents worldwide (Sodhi, 2002) . Airports are attractive areas for some bird species because they are built around open spaces with grasslands and tree groves of various heights, and are adjacent to areas of high urban density, providing resources such as food, shelter, and resting and nesting grounds (Froneman, 2000; Sodhi, 2002; Transport Canada, 2002; Cleary and Dolbeer, 2005) .
In military aviation about 54 % of aircraft collisions with birds take place on the airstrip or its surroundings, and this figure goes up to 95 % in civil aviation (Burger, 1983; Smith, 1986; Neubauer, 1990; Cleary et al., 1999; ICAO, 2009 ; ATSB, 2010; Galvão Novaes and Del Valle Alvarez, 2010). In order to reduce the occurrence of accidents, the International Civil Aviation Organization has exhorted all its affiliate countries to evaluate bird-related risks in airports, and to develop appropriate management and control programs (ICAO, 2001) .
Among the variety of bird control methods in airports (Hygnstrom et al., 1994; Transport Canada, 2002; Cleary and Dolbeer, 2005) , avian habitat management seems to be the most effective in the long run. However, habitat management does not necessarily guarantee complete control over birds, and it is generally required that this strategy is combined with active controls (Barras and Seamans, 2002; Sodhi, 2002; Transport Canada, 2002; Cleary and Dolbeer, 2005) . Adequately managing grassland height by keeping it below 30 cm, constitutes one of the main habitat management techniques in airports, reducing bird abundances and therefore the chance of accidents (Mead and Carter, 1973; Brough and Bridgman, 1980 ; Dekker and van der Zee, 1996; Deacon and Rochard, 2000; Civil Aviation Authority, 2002; ATSB 2010).
However, the management of grassland height has somehow yielded opposing results; while it was effective in the UK (Deacon and Rochard, 2000) , in the USA it has produced contradictory or ambiguous results, probably due to the different bird and grass species at play (Seamans et The relationships between avifauna and vegetation in South American airports, might differ from the patterns described for other parts of the world, given that the ecological communities are not the same. Therefore, it is of utmost importance to carry out midand long-term studies, in order to provide effective management strategies for this region. The aim of this study was to record seasonal habitat use patterns by bird species that pose a higher risk for aircraft, in an airfield in Argentina, and to evaluate the effect of grassland height on their abundances.
Materials ant methods

Study area
This study was carried out at Campo de Mayo airfield (CMA) (surface area = 130 ha), located in NE Buenos Aires Province, Argentina (34º 32' 04.80" S -58º 40' 17.63" W) (Fig. 1) . The area is a mosaic of open and forested areas, and densely-populated urban centers. The airfield has a 1,800 m-long paved runway, and is surrounded by grassland patches and tree groves, taxiways, heliports, areas of pavement, hangars and other buildings.
Since 2005, an uninterrupted bird control program has been implemented at CMA, mainly aimed at controlling Chimango Caracaras (Milvago chimango). As a result of the first field studies, two groups of this species were identified in relation to their use of space, residence time and degree of aggregation (Marateo et al., 2012) . Accordingly, the two groups were: visiting Chimango Caracaras (with maximum abundances > 6,000 individuals), which are controlled by pyrotechnics (Marateo et al., 2012) ; and resident Chimango Caracaras, which are controlled by a combination of measures including pyrotechnics, elimination of shrubs and nest removal.
A total of four accidents involving birds have been reported for the airfield since 2005, namely: two involving Chimango Caracaras, one involving the Southern Lapwing (Vanellus chilensis), and one involving the Campo Flicker (Colaptes campestris). However, there are a number of unreported incidents with airplanes and helicopters, which involved mainly the first two species mentioned (CMA authorities, pers.com.). 
Sampling
A total of 44 bird sampling events were carried out between October 2005 and July 2011 at CMA, comprising all seasons. Three observers were placed at different sectors of the airfield in order to sample these simultaneously by covering the total area with trajectories lasting ~30 min. Observers rotated between sectors in order to even out possible differences in data recording between them. Sampling took place at different times throughout the day in order to minimize possible differences in the daily activity of birds. In each sampling event the total number of (observed and heard) birds were counted at different sectors of the airfield, recording the species, number of individuals and their use of habitat. Avian habitats were classified as:
1. Short grassland: areas with a dominance of herbaceous species and grasses < 30 cm in height, 2. Tall grassland: areas with a dominance of herbaceous species and grasses > 30 cm in height, 3. Trees: wooded patches of varying extent or isolated trees, 4. Runway, 5. Taxiways, 6. Buildings.
Finally, the category "in flight" was considered in those cases in which individuals only used the aerial space as a transit zone and did not make use of any other habitats during sampling.
The extent of the tall-and short grassland areas varied throughout the study, hence two grassland heights were considered (≤ 30 cm, and ≥ 30 cm), independently of their location within the airfield and the surface area covered by either one. Landscape management of grassland areas was not performed consistently at CMA, and therefore we assumed no significant effect of the cover area and location of the tall-and short grasslands.
Data analysis
Differences in species abundance between habitats were analyzed for each season by means of Friedman's non-parametric two-way ANOVA, or repeated measure ANOVA. A posteriori multiple comparisons were based on the mean values for each treatment rank, and the variances of the ranks (Conover, 1999) .
Results
Averaged total abundance was 236 birds (SD = ± 117; max = 645; min = 48; N = 44). The most abundant species were the Chimango Caracara (36 % total abundance); the Southern Lapwing (34 % total abundance); the Picazuro Pigeon (Patagioenas picazuro) and the Eared Dove (Zenaida auriculata; 11 % total abundance); the Monk Parakeet (Myiopsitta monachus; 9 % total abundance); and the Common Starling (Sturnus vulgaris; 6 % total abundance). Short grassland areas registered 53 % of total bird abundance, followed by the runway with 14 %, the aerial space with 13 %, tree groves with 8 %, tall grassland areas with 5 %, and taxiways and buildings with 3 % in each.
Significant differences were recorded between habitats in the abundances of Chimango Caracaras, Southern Lapwing and pigeons and doves, for all seasons. Chimango Caracaras and Southern Lapwing were consistently more abundant in short grassland areas. Pigeons and doves made a more extensive use of the aerial space of CMA, and were also more abundant in short-than in long grassland areas, during fall, winter and spring. Monk Parakeet showed significant differences in their abundances between habitats only in winter, and were generally more abundant in short grassland areas (Table 1, Fig. 2 ).
There were no significant differences between habitats in the abundance of the Common Starling, although they were more abundant in the short grassland in winter and spring (Table 1, Fig. 2 ). Even when the use of trees was not important on average, higher abundances in this habitat were recorded for pigeons and doves in most seasons, for the Monk Parakeet in fall and winter, and for the Common Starling in the fall. Relatively important abundances of the Southern Lapwing were recorded in the runway, mainly during summer (Fig. 2) . 
Discussion
Short grassland areas were the most frequently-used habitat by the most abundant species (i.e. Chimango Caracaras and Southern Lapwing), regardless of the season considered, and also by Monk Parakeet in winter. Pigeons and doves used short grasslands more frequently than tall grasslands, and were also the most abundant group in the aerial space. In turn, these species represented a higher risk for aircraft, not only due to their abundances, but also due to their size and degree of aggregation.
Even if it did not present significant differences in its abundance between habitats, the Common Starling was mainly recorded in short grassland areas.
The Southern Lapwing nests on the ground and feeds on invertebrates, while the Common Starling feeds on soil invertebrates and seeds (Feare, 1984; Piersma and Wiersma, 1996) . Therefore, short grasslands (< 30 cm in height) constitute a very favorable avian habitat for these species, as it has been demonstrated for starlings (Whitehead et al., 1995) . The Picazuro Pigeon and the Eared Dove feed on seeds, mostly on the ground (Baptista et al., 1997) , while the Monk Parakeet is a generalist that feeds on the grasslands when there is an abundant supply of seeds and grains (Collar, 1997) .
The Chimango Caracara is a generalist species that feeds largely on soil insects (Willis, 1994; Biondi et al., 2005) , and at CMA in particular this was observed APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 13 (3) (White et al., 1994) , which happened to be the second-most abundant bird species at the study site, and reproduce in short grassland areas.
Additionally, a visiting group of Chimango Caracaras makes overnight use of shortand tall grasslands at CMA, indistinctly. Control over these has been successful by means of repulsion and banishment techniques (i.e. pyrotechnics; Marateo et al., 2012) , given that grassland height has no effect over them.
Tall grasslands of a uniform density can prevent the displacement and social contact among birds, posing an obstacle to anti-predatory vigilance behavior and the search for food. This has been noted for starlings and the Northern Lapwing (Vanellus vanellus) in Canada and Europe (e.g. Solman, 1966; Brough and Bridgman, 1980; Deacon and Rochard, 2000; Devereux et al., 2004; Butler and Gillings, 2004) . Maintaining tall grasslands has yielded successful results in UK airports, especially for the control of the Northern Lapwing (Brough and Bridgman, 1980; Deacon and Rochard, 2000) , a related and morphologically-and ecologically-similar species to the Southern Lapwing of South America. This strategy has also been effective in the control of starlings and pigeons (Brough and Bridgman, 1980) . On the other hand, maintaining grassland height > 30 cm would also contribute to the numerical reduction of nests of Southern Lapwings and other species, which might in turn represent important food sources for opportunistic rapace birds such as the Chimango Caracara.
Given their wide distributional range, environmental plasticity and ability to expand their geonemia, the bird species considered here, might pose similar risks in other South American airports, as it has been mentioned for the Southern Lapwing in NE and S Brazil, and Uruguay (Bastos, 2000 ; Galvão Novaes and Del Valle Alvarez, 2010; Guedes et al., 2010; Crocce, 2011). Therefore, it seems reasonable to assume that maintaining grasslands at > 30 cm heights, might be a successful habitat management technique in the control of avifauna at CMA, and it might also prove effective for other South American airports.
One of the most debated aspects of maintaining grassland height > 20-25 cm, is the potential increase in rodents and insects, which might in turn attract rapaces and other predatory bird species (Barras and Seamans, 2002; Cleary and Dolbeer, 2005) . Therefore, a sound management strategy should also incorporate the monitoring of rodent and rapace bird abundances and prevent further population increments. On the other hand, maintaining tall grasslands might prove difficult and costly in arid zones (Cleary and Dolbeer, 2005) . For South America specifically, this might not be a big constraint, given that large warm and temperate areas have humid to very humid climate, for which this would be a relatively simple and economic management strategy.
This study represents a starting point for a series of future analyses that should be carried out, considering the management of grassland height and also incorporating its structure, composition and cover extent as potentially important variables. We believe that the incorporation of these variables will shed light into the effectiveness of this habitat management strategy for the control of birds in South American airports.
